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METHOD FOR PRODUCING POLYARYLENE SULFIDES 



FIELD OF THE INVENTION 

The present Invention relates to a method for 
producing a poryarytene sulfide. More particularly, 
the present Invention relates to a method for pro- 
ducing a polyarylene sulfide which can easily pro* 
vide a polyarylene sulfide having a high molecular 
weight that shows a low flowebitfty when melted 
and contains a small amount of a contaminant salt 



BACKGROUND OF THE INVENTION 

Poryarytene sulfides such as a potyphenylene 
sulfide are generally thermoplastic resins although 
some of them have a thermosetting property, and 
have excellent properties desired tor engineering 
plastics such as high resistance to chemicals, good 
mechanical properties over a wide range of tem- 
perature and a high stiffness at high temperatures. 

It is known mat polyarylene sulfides can gen- 
erafly be produced by polymerizing a dftalogenat- 
ed aromatic compound such as p-dichlorobenzene 
wttii an alkali metal sulfide such as sodium sulfide 
In a polar solvent (cf. Japanese Patent Publication 
No- 1224071977). 

However* conventional polyarylene sulfides 
have a low molecular weight and thus It has been 
necessary to cure the tow molecular weight 
polyarylene sulfides by heal treatment in order to 
obtain final products having a high molecular 
weight so that operation has been complicated. 

Heretofore, there has been known a method for 
producing a poryphenytene sulfide having a high 
molecular weight in which* a lithium halide is used 
as a catalyst as described in, for example, U. S. 
Patent 4,038,263. 

However, this prior art method is disadvanta- 
geous since it cannot provide a polyphenytene 
sulfide having such a high molecular weight that no 
heat treatment of the resultant polymer is needed. 

Further, there has been known methods for 
producing branched chain potyphenylene sulfides 
having high molecular weights in which a com- 
pound containing three or more halogen atoms are 
present in the reaction system as described in, for 
example, Japanese Patent Publication No. 
87919/1979 and Japanese Patent Application (OPI) 
No, 187430/1984. 

These methods, however, are also disadvanta- 
geous in that the resultant polymers tend to gel 
easily so that there occur problems on productivity 
and quality of the products. In addition. If the 
resultant polymers have a high ftowability It is 



difficult to smoothly carry out molding of the poly- 
mers Into various shaped products such as rams, 
fibers, molded articles due to the fact that the 
polymers partly gel. 

s Another problem of the above-mentioned con- 

ventional methods for producing polyarylene sul- 
fides is that the polyarylene sulfide produced con- 
tains a large amount of one or more salts such as 
sodium chloride which are by-produced during the 

jo polymerization reaction, and when the polyarylene 
euffido is used as a material for parts of electric 
and electronic devices the insulation resistance to 
humidity of circuits Is decreased, resulting in the 
occurrence of mtsoperation. 

16 

SUMMARY OF THE INVENTION 

An object of the present invention Is to provide 

20 a novel method for producing a polyarylene sulfide 
having a high molecular weight and showing a low 
flowabiUty when H is melted. 

Another object of the present invention is to 
provide 8 method for producing a polyarylene sul- 

as fide having a high molecular weight which method 
enables one to obtain a high molecular weight 
polymer by a simple pdycondensation reaction 
without needing heat treatment of a polyarylene 
sulfide of a low molecular weight to cure It. 

30 Still another object of the present invention is 

to provide a method for producing a polyarylene 
sulfide in which the amount of salt by-produced 
during the pory condensation reaction is decreased. 
Yet another object of the present invention is to 

ss provide a method for producing a polyarylene sul- 
fide which is stable and does not cause gelation. 

Further object of the present invention is to 
provide a method for producing a polyarylene sul- 
fide which is suitable as a material for parts of 

40 electric and electronic devices. 

As a result of extensive investigations It has 
now been found that by the use of a halogenated 
aromatic compound containing active hydrogen in 
the reaction of a halogenated aromatic compound 

4$ with an alkali metal sulfide in a polar solvent the 
above-described objects of the present Invention 
can be attained with ease with, only a small amount 
of the halogenated aromatic compound containing 
active hydrogen as compared with the conventional 

so methods as described above. 

That Is, the present Invention provides a meth- 
od for producing a polyarylene sulfide comprising 
contacting a dhal6genated aromatic compound 
with an alkali metal sulfide in polar solvent, wherein 
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said method is carried out in the presence of a 
haJogenated aromatic compound containing active 
hydrogen. 



DETAILED DESCRIPTION OF THE INVENTION 

The polar solvent which can be used in the 
method of the present invention includes amide 
compounds, lactam compounds, urea compounds, 
cycfic organic phosphorus compounds, etc 

Specific examples of the polar solvent include 
N r N-o^methytformamide > N,N-o3methy1acetamide, 
N.N-o1ethy1acetamide, N.N^prcpytacetamide, N.N- 
ofenethytoenzamide, caprolactam, N-methyl- 
capcofactam, N-ethylcaprolactarn, N-isopropyl- 
caprotactam. N-tsobutylcaprolactam, N-propyt- 
caprolactam, N-butyteaprolactam. N-cyctohexyl- 
caprolactam. N-memyl-2-pyrrolidone, N-ethyt-2- 
pyrroiidone, N-isc>propyl-2-pyrrofidone. N-isobutyl- 

2- pyrroHdone, N-propyl-2-pyrrolidone. N-butyl-2- 
pyryofidone. N-cyckihexyl-2-pyrroGdone, N-methyl- 

3- metthyl-2-pyrrotidone. N-methyl*3.4.5-trimethyl-2« 
pyrrotidone. N-emyl-2-piperidor*e. N-ethyl-2- 
piperidone. N-i sopropy I -2- piperkio no. N-isobutyl-2- 
piperidone, N-metrtyl-6-meOTyh2-piperidone. N- 
methyl-3-ethyl-2-piperidone. N-mothyl-2-oxohex- 
amethylerttmine, N-ethyl-2-oxohexamethylenimine. 
tettamethyturesu 1 ,3-dimemylethyleneurea, t.3- 
tfrnetrrytpropyleneurea, 1 -methyl-1 -oxosulforane, 1- 
ethy H -oxosutforane, 1 -phenyM -oxosulforane, 1 - 
methyl- 1-oxophosphane. 1 -propyl- 1 -oxophosphane , 
1 -phenyM -oxophosphane. etc. 

Of the above-described polar solvents, N-alkyJ- 
lactams r N-aikylpyrrol*dones. etc. are preferred. 

As the above-described dlhaiogenated aromatic 
compound, there can be enumerated dihalogenated 
benzenes such as m-dichlorobenzene, p-dich- 
lorobenzene, p-dibromoben2one, m-bromobenzene. 

1- chloro^bromobenzene, etc, substituted 
dihalogenated bezenes such as 2.5-dich- 
lorotoluene. 2.5-dichloroxytene, 1-ethyl-2.5-dich- 
kxobenzene. 1-emyh2,5-dibromobenzene, 1-ethyl- 

2- bromo-5Kditorobenzene, 1 ,2,4,5-tetramethyl-3.6- 
aSchtorobenzene. 1 -cyclohexyl-2.5-dichlorobenzene, 
1-phenyh2,5-dichlorobenzene, 1-benzyl-2 T 5-o5ch- 
kxoberutene. 1-phenyl-2,5-o1bromobenzene, 1-p- 
to*uy*-2.5-o^chlorobenzene. 1 -p-tokiyl-2.5- 
oibromoben2ene 1-hexyl-2,5-<fichlorobenzene, etc 
Of these, dihalogenated benzenes are preferred, 
with p-dtchlorobenzene being more preferred. 

As the alkali metal sulfide, there can be enu- 
merated, for example, lithium sulfide, sodium sul- 
fide, potassium sulfide, rubicfium sulfide, cesium 
sulfide, etc and mixtures thereof. In the method of 
the present Invention, the aHcaii metal sulfide can 



usuafly be used in the form of a hydrate or an 
aqueous mixture. Preferred example of the afkati 
metal sulfide Include lithium sulfide and sodium 
sulfide. 

5 The hatogenated aromatic compound contain- 

ing active hydrogen which can be used ki tie 
method of the prasont invention includes aromatic 
compounds having at least one aromatic ring in. 
which at least one carbon atom of the aromatic ring 

io is connected to a radical having an active hy- 
drogen, and at least two" carbon atoms of the 
aromatic ring are connected to halogen atoms. 

Suitable examples of the above-described ar- 
omatic ring include a benzene ring, a naphthalene 

rs ring, an anthracene ring, etc Of these, a benzene 
ring Is preferred in the present invention. 

When the above-described haiogegated ar- 
omatic compound containing active hydrogen In- 
cludes two or more aromatic rings the aromatic 

20 rings may be connected to each other either di- 
rectly via a simple chemical bond or through inter- 
mediary of a divalent group. Suitable examples of 
the divalent group include an oxygen atom (-0-), a 
sulfur atom (-S-), a suHinyi group, a sutfonyl group, 

26 a carbonyl group, and a divalent carbohydrate 
group such as an oxyalkytene group, a carbonyl al- 
ky lone group, a polymethylene group, etc. 

As tor the radical containing active hydrogen, 
there can be mentioned of a monovalent group 

jo consisting of a nitrogen atom, a sulfur atom, an 
oxygen atom or a phosphorus atom and at least 
one hydrogen atom directly bonded thereto, or a 
monovalent carbohydrate group containing such 
hydrogen-containing monovalent group. Suitable 

3& examples thereof include -NH* -SH, -OH, -COOH. - 
CONH*, -NHR, -CONHR, wherein R In the above- 
described two groups represents a carbohydrate 
group such as an alky I group, a cycloaikyi group, 
an aryf group, an araryf group, an aryl group- 

40 substituted alky I group, etc.. or a carbohydrate 
group containing at least one of these groups. Of 
these. -NH* -SH. -OH. and -NHR wherein R has 
the same meaning as defined above are preferred, 
with -NH X being more preferred. 

45 Suitable examples of the halogen atom include 

fluorine, chlorine, bromine, and iodine. Off these, 
chlorine and bromine are preferred, with chlorine 
being more preferred. 

The two or more halogen atoms contained in 

so two or more radicals containing active hydrogen or 
two or more ha logon ated aromatic compounds con- 
taining active hydrogen may be the same or dif- 
ferent 

Of the hatogenated aromatic compounds con- 
56 taining active hydrogen which meet the above- 
described conditions, tihalogenated aromatic com- 
pounds containing active hydrogen, and 



3 
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trihaJogenated aromatic compounds containing ac- 
tive hydrogen are preferred, with cfihalogenated ar- 
omatic compounds containing active hdyrogen be- 
ing more preferred. 

Suitable examples of the atwe^described halo- 
genated aromatic compound containing active hy- 
drogen wiH be explained in greater detafl with refer- 
ence to genera) formula. 



That is. the halogenated aromatic compounds 
containing active hydrogen which can be used ad- 
vantageously In the present invention are repre- 
sented by the foHowing general formulae (1) to (HI) 



(X) 



(Y) 




n 



10 



(i) 



In the general formula (I) above. X represents a 
halogen atom such as fluorine, chlorine, bromine. 
Iodine, etc, Y represents a group containing active 
hydrogen such as -NHR (that R has the same 
meaning as defined above). -NH* -SK. -OH, etc, |c 
Is an integer of 2 to 5, and q is an Integer of 1 to 4, 
provided that Js+fl is an integer of 3 to 6. X 



20 



represents preferably chlorine or bromine, and 
more preferably chlorine. Y represents preferably - 
NHR (that fl has the same meaning as defined 
above). -NH«. -SH, OH. and more "preferably -NH a . 
K Is preferabry 2 or 3, and more preferably 2. n is 1 
or 2. and more preferably 1. 




(id 



tn the general formula (II) above, X and Y have 
the same meanings as defined above, Z represents 
a divalent group such as -0-. -S-, -SO, -SO*-, -CO 
, -{-CR 1 R , -) p - f etc.. or a simple chemical bond, p. is 

0 or an integer of 1 or more, r, % n and m are O or 
an integer of 1 or more and simultaneously satisfy 
the following relationships: 

2S(r+ t)S {10 -(n + m)} 

1 S (n * m> S {10 -(r + t)} 
(r + n}£5 

(t + m) S 5 

R 1 and R* independently represent a hydrogen 



60 



atom or a carbohydrate group such as an alkyl 
group. Preferably, R 1 and R* independently repre- 
sent a hydrogen atom or a methyl group, and more 
preferably a hydrogen atom. X represents prefer- 
ably chlorine or bromine, with chlorine being more 
preferred. Y represents preferably -NHR (that R 
has the same meaning as defined above), -NH* - 
SH or -OH, with -NH* being more preferred. Prefer- 
ably, i and i are 0 or a positive integer and satisfy 
the relationship: <r+ t) = 2, or (r + t) = 3. and 
more preferably (r + t) = 2, that Is. r » 1 and t «= 

1, r * 2 and t» 0. or r » 0 and t = 2. Preferably, 
a and rrt are such that (n + m) » 1 or (n + m) = 

2. that is. n = 1 and m = 0. n = 0 and m = 1. n 
a 2 and m » 0, n B 1 and m » 1. or n « 0 and 
m = 2. 



ss 



4 



PACE 35/35 * RCVD AT 5/18/2007 2:54:56 PM [Eastern Daylight Time] ■ 8VR:U8PTO-EFXRF-2/22 * DN18:2738300 * CSID: « DURATION (mm-SS): 17-56 



05/18/2007 15:07 FAX 



©030/035 



0 215 312 




(III) 



m the general formula (!!!) above, X, Y and Z 
have the same meanings as defined above, o is 
an Integer of 1 to 3. and p. is an integer of 1 to 5. 

Suitable examples of the halogenated aromatic 
compound containing active hydrogen represented 
by general formula (I) Include dihaJogenated ben- 
zene compounds containing active hydrogen such 
as 2,8-OiCWOfOanitine. 2.5-dich!oroani&ne, 2.4-dich- 
toroanUine. 23-dichromaniGrte, 2,4-tfbmmoartiltne, 
2,6Kicr*xorthtoprieftol. 2.5-dichlorothiophenoi, 2.4- 
dichlorothioprteno!. 2.3-dichlc*othiophenol. 2,6-dich- 
kxophenoL 2.5-o1chtoropr>enol. 2,4-dicritorophenol. 
2 T 3KSchk>rophenol 1 3.4-dIchtorophenoJ. 3,5-dich- 
torophenot, 2.4^bromophenof, 2.6-dbromophenol. 
(2^h^ik)rc^enyf>am3rKDtDenzer«^ (2.5-dich- 
kwophenyt)aminoberi2ene, <2.4-dichlorophenyl)- 
aminobenzene, 2,3^dichkxoph©ny1)aminobwizone, 
etc, trihalogenated benzene compounds containing 
active hydrogen such as 2,3,4-Wchforoaniline, 
2,3,5- tricMorcwini'line, 2.3,6-trichloroaniline, 2,4.5- 
tricrtforoanitirte, 2,4,6-trichloroanitine. 3.4.5-trich- 
loroaniBne. 2.3,5-m'brorrtoaniUne, 2.4,5- 

tritxomoanilino, 2.4,6-tribrornoanilrne, 2.5-dichkxo- 
4-bromoanifine, 2,4,5-trichlorothiophonoJ. 2.3.5- 
tnchlofOthiophenoi. 2 r 4,6-tribromotrwophenol. 2.4,5- 
trichtorophenol. 2,3.5-trichtorophenol, 2,4.6-trich- 
kirophenol, 2,4,e-tribromophenoi. 2,3,5-trichloro- 



(phertytaminojbenzene, 
(phenytemfno)benzene, 
(phenylannino)beiizene. 
(pheny!arrwno)benzene . 
(pheny lamino)benzene , 



2.4.5- tnchloro- 

2.4.6- trichloro- 
2,4,5-tribrorno- 

2.4.6-tribrorno 
etc.. poJy halogenated ben- 
zene compounds containing active hydrogen such 
as 2,3.4.5-tetrachloroaniline. 2,3,5.6-tetrach- 
kxoanJDne. etc. 

Suitable examples of the halogenated aromatic 
compound containing active hydrogen represented 
by general formula (II) include d halogenated ar- 
omatic compounds containing active hydrogen, for 
example. diaminodichJorodiphenyi ethers such as 
2^"-diamino-4.4'-<fichlorodiphenyl ether. 2.4'- 
o1amJrio-2\4^crilorodiphenyl ether, etc.. dia- 
minodichlorodiphenyl thioethers such as 22*- 
diaminc^.4'^chlorodrphenyt thioether. 2.4'- 
d*amirK^2\4-cricrUorodiphenyl thioether. etc.. dia- 
mkiodtdilorodiphenyl sulfoxides such as 2,2'- 
0^amino-4,4'-o1chlorodiphenyl sulfoxide. 2.4*- 
c5amino-2 l .4-dichlorodiphenyl sulfoxide, etc.. dia- 
mirxxflchkxodrphenyLalkanes such as 2^-diamino- 
4.4"-dicWorodiphenylmethane. 2.4*-diamino-2'4- 



10 



is 



20 



36 



40 



dichk^c^^'-dichkwcKlipherrylmethane. etc.. oSmor- 
captodTchlorodiphenyl ethers such as 22'- 
cfirrK?rcaptc^,4^ich!orodiphenyl ether. 2.4 - * 
dimercapto-2*4-dicrhkxocfi phenyl ether, etc., cSmer- 
captodicnkxool phenyl thioethers such as 2Z' 
drrwcapto-^'-d^tor^ thioether, 2,4'- 

dimercapto-2*4-dichiorodi phenyl thioether, etc., 
tfmercaptocHchlOftxliphenyl sulfoxides such as 
2,2*niimercapto^ t 4 , <ficrtkxocliphtonyl sulfoxide, 
2,4 , -dinwcapt0-2 a .4^chkvrodiphenyl sulfoxide, 
etc. olmercaptoo^chkvodiphenylaJkanes such as 
2^'<linwcaptCH4.4 , ^chloroo1pnenylrnethan0, 2,4'- 
rtmercaptCh2'.4-dichk)rodrphenylrnelhane. etc., 
*hyoYoxydchkxrodipheriyl ethers such as 22*- 
olhydroxy^^-o^lorodiphenyl ether. 2.4'- 
dihyo>oxy-2 , .4-dichlCTOdiphenyl ether, etc.. 
dih y dro x y dich lorodi pheny I thioethers such as 2£- 
dihydroxy^,4'-dichlorodipneny1 thioether. 2,4'- 
dinydroxy-2*,4-dichlorodiphenyl thioether, etc., 
dihyoVoxydichlorodlphenyi sulfoxides such as 2X m 
dthy droxy-4 , 4'-dichiorodipheny1 sulfoxide. 2,4'- 
dihydroxy-2' ,4-dichlorodiphenyl sulfoxide. etc, 
di hydroxydich lorodi phenylaikanes Such as 2£- 
dihydroxy-4.4'-dichlorodiphenytrnelhane. 2.4*- 
o1hydrOKy-2*.4-dichlorodiphenylmethane < etc., 
dihakx^enoaminodiphenyl ethers such as . 2JS- 
a1chloro~4'-amiriodiphenyt ether. 2.5-dibromo-4 - - 
ajninodi phenyl ether. 2.5-tfbromo^'-amirKxiiphenyl 
ether, etc.. dlhalogenoaminodiphonyl thioethers 
such as 2,5-dichk>ro-4*-aminodtphenyl thioether. 
2.5-d(^omo-4 , -arninodipheny< thioether, etc, 
dihakDgenoarninodiphenyl sulfoxides such as 2,5- 
dichloro-4*-arninodipheny1 sulfoxide, 2,5-dibrorrto- 
4 r -aminodi phenyl sulfoxide, etc, 

dthakxjenoaminodiphenylalkanes such as 2,5- 
dichloro-4 1 - ami nodph en yim ethane, 2,5-dibromo-4'- 
aminodiphenylrnethane. etc, dihatogenomercap- 
todiphenyl ethers such as 2,5-olchloro-4 , -mercap* 
todlphenyf ether. 2.5-dibrcmo^*-mercaptodi phenyl 
ether, etc.. dihalogerttrnercaptotf phenyl thioethers 
such as 2.5-dichloro-4*-rrwrcaDtc<Jiphenyi thioether, 
2^-dibrcuno^'-merc3ptodiphenyl thioether. etc, 
drhalogenomercaptodiphenyl sulfoxides such as 
2,S-dich)oro-4'-mercaptotf phenyl sulfoxide. 2,5- 
dibromo-4*-mercaptodiphenyl sulfoxide, etc, 
alhalogenomercaptodiphenytalkanes such as 2.5- 
dichloro^'-mercaptcdiprwnylmethane. 2.5-dibromo- 
4'-mercaptodiphenylme thane. etc, 
dihalogenohydroxydiphenyl ethers such as 2^5- 
dichloro-4 , -hyomxyo1phenyl ether. 2.5-o^bromo-4•- 
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10 



hyoraxydlphertyl ether, etc., cfihafogenohydrox- 
ycb phenyl thioethers such as 2,5-dichlofo-4'- 
hydroxycflphenyl thioether, 2,5-<fibrorm>-4M*ydrax- 
ydtphenyt thioether, - etc, dihaiogenohydrox- 
ycfiphsnyl sulfoxides such as " 2,5-dtchloro-4'- 
hyoroxydiphenyl sulfoxide, *2 f 5-dibfomo-4 , -hydrox- 
ydiphenyl sulfoxide, eta, <fihalogenohydrox* 
yrtphenylaikanes such as 2^-dJ chloro-4'-hydrQX* 
ycfiphanylmethane. 2,5-di-bfomo-4*-hydrox- 
ydiphsnylmethane. etc, trfhaJogenated compounds 
containing active hydrogen, for example, 
arrunotritedogerKKJiphenyl ethers such as 2.2'- 
cfiam]no-3,4.4'-tnchtorc<flpheny1 ether. 2,4'<tiamino- 
2*,5\4-trichtc<Ddiphenyl ether. 2.4,5-tn^lc>ro-4'- 
anrunocfiphenyl ether, 2 r 3.4-trichloro-4- 
amj nodi phenyl etfier. 2.4,5-tribromo-4 a - 

aminocfl phenyl ether, 2,4,6-tribrQrno~4'- 

aminodi phenyl ether, 2^^ch^Qro-6-bromo-4 , - 
em fnodi phenyl ether, 2,4,5-trich^oro-2•- 

aminocHphenyl ether. etc. 

emlnotrihelogenocfiphenyl thioethers such as 2JL'- 
diamino-3,4,4^^lonDdip*enyl thioether, 2,4.5- 
trlchtorO" 4'-am1nodiphQfiy1 thioether, etc.. 
aminctfchtaodiphenyl sulfoxides such es 2.2"- 
tfamJrtQ-4,5,4'-4ricrik)rod]phenyl sulfoxide, 2,4,5- 
trk:h!oro-4'-aminoo1phenyi sulfoxide, etc.. 
am i notrihaJog enodt phony lalkanes such as 2.2*- 
cfiarniru^a^^'-tr^kxocUphenylmethane, 2,4 r 5-tri- 
chtoro^'-arnlnodiphenylmetharte. 2,4,4Mrichloro-2'- 
aminodiphenylpropane. etc. 
aminotrihaiogenobi phenyls such as S.M'-trichtoro- 
T-am in oW phenyl, etc., mercap- 

totrihalogenodiphenyf ethers such as 2.2"- 
c^rnercapto^^^'-triditorodiphertyf ether, 2,4,5- 
trichloro^'HnercaptctfphenyJ ether, etc*, mercap- 
fcotrihatc^enodiphenyl thioethers such as 2.2"- 
dimercapto-4^4'-trichlorodi phenyl thioether, 2,4,5- 
trk^iloro-4*-rnercaptodI phenyl thioether. etc, mer- 
captotrihalogenodiphenyt sulfoxides such as 2,2*- 
dimercapto-3^,4'-trichlorodiphenyt sulfoxide. 2,4.5- 
tri-chloro-4*-mercaptodipbenyl sulfoxide, etc.. mer- 
captotrihaJogenobiphenyls such as 3.3'-d3mercapto- 
4.4\5^richlorrxrtphenylmethane. 2,4,5-trichloro-4'- 
mercaptod i phonylm ethane, etc, hydrox- 
ytrihaJogenobtphenyls such as 3,3'-dimercapto- 
4,4'^rk^ilorobiphonyf, 3,4, 5-tri h lor o-4'-mercap- 
tob phenyl, etc.,hydroxytnlialogenocfipheny1 ethers 
such as 2.2*-olnydroxy-3,4.4 , -*rk^lor^ 
ether. 2,4^trichk)ro-4*^ydroxydiphenyl ether, etc, 
hyoVoxytrihatogenodl phenyl thioethers such as 2,2- 
dihydroxy-3,4,4'-trichtorocllphenyl thioether. 2.4.5- 
trkiiloro^'-hydroxycfiphenyl thioether, etc hydrox- 
ytrihalogenodiphenyl sulfoxides such as 2,Z- 
dmydroxy-4 t 4^tHcMorodiphenyl sulfoxide, 2,4,5- 
tri-chioiio-4 , -hydroxydiphenyt sulfoxide, etc, 
hydroxytri halogen ocUphony la Ikanes such as 2L2 1 - 
dihydroxy-4,4' ,5-trichforodiphenyl methane, 2.4.6- 
trichloro-^'-hydroxydipfcenykne etc., hydrox- 



ytririax^genobiphonyts such as 3-hydroxy-3\4\4- 
tricfefcxobrphenyl, 3,4^-trichkxo-4*-hydrox- 
ytxphenyU etc., pofyhaJogenated aromatic com- 
pounds containing active hydrogen such as tetrach- 

5 kxoamlnodiphenyi ether. tetrachloroan^no<5pheny< 
thioether, etc 

Suitable examples of the oXhaJogenated com- 
pound containing active hydrogen represented by 
general formula (Uf) include 

ro dihakxjeroaminodiphenyl ethers such as 2,5- 
dichloro-4-aminodlphenyl ether, 2,5-dlbrorno-4•• 
aminodi phenyl ether, etc. 

dlhakxjenoaminodiphenyl thioethers such as 2,5- 
dH^oro-4*-aminodtphenyl thioethor, 2,5^bfomo-4 , - 

rs aminodiphenyl thioether, etc, 

d Jhalogonoaminodi phony i sulfoxides such as 2J5- 
dich4oro-4*-aminodiphenyl sulfoxide. 2^-daxomo- 
4 B -aminodiphenyl sulfoxide, etc, 

dUiakxjenoannlnocliphenylTnethanos such as 

20 dtchdion>^"-am'modlphenylmethane. 2^-dibrcnTO- 
4*-arninodiphenylmehtane. etc. olhaiogenorriercap- 
todi phenyl ethers such as 2,5-dich kxo-4 1 -mercap- 
todiphenyl ether, 2,5-dfbromo-4'-mercaptodiprtenyt 
ether, etc, dihalogenomercaptodfphenyt thioethers 

as such as 2,5<jk:hioro-4'-rnercaptocfiphenyl thioether, 
2,5-dlbrc<nc-^ , -mercaptodtphenyt thioether, etc. 
C^hatogenornercaptodiphenyl suboxides such as 
2^^ichk>ro-4 , -rnerc3ptodi phenyl sulfoxide, 2.5- 
tfbrofTKM'-mercaptodiphenyl sulfoxide, etc, 

30 dih^k^rxmorcaptodiphenytaftcanes such as 2J5- 
dichk^c-^'Hiiercaptodipherrylmethane. 2.5-dibrorno- 
4 , -marcaptodiphenyimothane, etc., 
dihatogenohydroxydlphcnyl ethers such as 2,5- 
dksWorcM'-hydroxydiphenyl ether. 2.5-dibromo-4*- 

3S hydroxydlphenyl ether, etc, cfihaJogenohydrox- 
ydi phenyl thioethers such as - 2,5^rcMoro-4'- 
hydroxydiphenyl thioether, 2,5-dibromp-4'-hydrox- 
ydiphenyl thioether, etc. dihalogenohydrox- 
ydiphenyi sulfoxides such as 2,5-dichloro-4'- 

40 hydroxydlphenyl sulfoxide. 2,5-dibrdmo-4 r -hydrox- 
ydiphenyl sulfoxide. etc, dihalogenohydrox- 
ydtphenylalkanes such as 2,5-dichloro-4'-hydrox- 
ydiphenyimethane, 2,5-dibromo-4'-hydrox- 
ytfphenytmethane. etc 

as In the present invention, those compounds 

comprising a naphthalene nucleus substituted with 
an active hydrogen-containing radical such as an 
amino group, a mercapto group, or a hydroxy 
group, and a halogen atom can also be used in 

so addition to the above-described halogenated ar- 
omatic compounds containing active hydrogen re- 
presented by one of general formulae (I). 00 and 
OH). 
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(N0«) o (NO*) p 



In general formula (VI), X, Z. g. and p_ have the 
same meanings as defined above- 
Specific examples of the compound represent- 
ed by general formula (TV) include 2.4-dinttrocb- 75 
torobenzene. 2,5^inftrochlorobenzerie, etc 

Specific examples of the compound represent- 
ed by general formula (V) Include 2-nitro-4,4*-dJch- 
lorodiphenyl ether, 3^'Hlinitro-4.4'-dich- ^ 
lorodlphenylsulfone. etc. 

Specific examples of the compound represent- 
ed by general formula (VI) include 2,5-ajchloro-4v 
nitrodiphenyt ether, 2^chkxo-4'-n1trodipbeny! 
thloether, etc. 

As for the reducing agent (F), there can be 555 
mentioned of. for example, hydrazine, hydrides, 
alkali formate, etc Preferred examples thereof in- 
clude hydrides such as calcium hydride (CaH,), 
hydrogen sulfide, etc borohydrtdes such as lith- 
ium borohydride, sodium borohydride (NaBH«). po- 30 
tassium borohydride. etc Borohydrides are particu- 
larly preferred. 

When the haJogenated aromatic compound 
containing active hydrogen (C) are used, u sally the 
components (A). <B), (C) and (D) can be used in 35 
the polycondensatlon reaction in the following pro- 
portions. 

That is. the molar ratio of the component <A>- 
/component (B) is from 0.75 to 2,0. preferably from 
0.90 to 1 Z. Since the reaction between the 40 
dihaJogenated aromatic compound (A) and the al- 
kali metal sulfide (B) is an equlmolar reaction usu- 
ally the above-described range is selected. 

The component (C) is used m an amount of 
from 0.005 to 2.0 mol%. preferably from 0.01 to 1 .5 45 
m©1%. based on the component (A). When the 
amount of the component (C) is less than 0.005 
moT%. it Is sometimes difficult to produce 
polyarylene sulfides having a high molecular 
weight On the other hand, when the amount of the a 
component (C) Is more than 2. mol%. gelation 
occurs under certain circumstances. 

The molar ratio of the component (D>- 
ycomponent (B) is from 1 to 15. preferably 2 to 10. 
When this value is less than 1. the reaction is 
sometimes rwrwmiform. while the productivity is 
decreased when the molar ratio is more than 15. 



14 



(VI) 



The pdycondensation* reaction used for tfie 
production of polyarylene sulfide is carded out usu- 
ally under alkafina atmosphere. 

Therefore, in order to render the reaction sys- 
tem alkaline, an alkali hydroxide (G) can be added 
to the reaction system. 

Suitable examples of the alkaS hydroxide (G) 
include sodium hydroxide, lithium hydroxide, potas- 
sium hydroxide, rubidium hydroxide, cesium hy- 
droxide, etc Of these, lithium hydroxide, sodium 
hydroxide, potassium hydroxide, etc are preferred. 

The amount of the alkali hydroxide added to 
the reaction system is not particularly limited as far 
as it is sufficient for rendering the reaction system 
alkaline. 

Upon the production of polyarylene sulfides, ft 
is preferred that a catalyst is present in the reaction 
system since the rxtfycondensation reaction be- 
tween the dihalogenated aromatic compound and 
the alkali metal sulfide can proceed smoothly. 

Suitable examples of the catalyst include alkali 
metal hafide compounds (H). metal carboxylases - 
(I). aromatic sulfonates (J), etc. 

SuitabJe examples of alkali metal haflde com- 
pounds include lithium fluoride, lithium chloride, 
fithium bromide, lithium iodide, sodium fluoride, 
calcium fluoride, rubidium fluoride, cesium fluoride, 
and mixtures thereof- The alkali metal halide com- 
pounds may be used as anhydrides, or hydrates or 
aqueous mixtures. Of these, lithium chloride is pre- 
ferred. 

Suitable examples of the metal carboxylate (I) 
include lithium acetate, lithium propionate, lithium 
2-rnethylpropionate. fithium butyrate, Htrrium 3- 
methylbutyrate, lithium hexanoate, lithium valerate, 
lithium heptanoate. fithium benzoate. sodium ben- 
zoate. zinc acetate, calcium phosphate, etc. Of 
these, lithium carboxylate is preferred, with lithium 
acetate being particularly preferred. The metal car- 
boxylate may be used in the form of hydrates. 

As for the aromatic sulfonate (J), there can be 
cited, for example, sodium p-toluenesutfonate. etc. 

Among the alkali metal halide compounds (H). 
carboxylates 0) and sulfonates (J), the alkafl metal 
halide compounds (H) are preferred as a catayst 
since' the alkali metal halide compound (H) present 
In the reaction system, in cooperation with the 
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concomitant halogenated aromatic compound con- 
taining active hydrogen, is useful in reducing 1he 
amount of contaminant satt(s) in the resultant 
potyaryfene sulfide raxtskterably although the un- 
derlying mechanism has not been clarified yet 

Of course, use of the alkali metal halide com- 
pound (H) as a catalyst does not preclude use of 
other catalyses) such as the car boxy late (I) and/or 
sulfonate (J) simultaneously, and a combination of 
the aBtafi metal halide compound (H) and the car- 
boxytata <l) anoVor sulfonate (J) can also be used 
as a catalyst. 

The molar ratio of the carboxylate or aromatic 
sulfonate to be added to the component <B) is the 
same as the molar ratio of the component (Oy 
/component (B). 

In the method of the present invention, upon 
condensation reaction these components can be 
brought in contact all at the same time or they can 
be contacted separately. There is no particular 
limitation on the order of the addition of the compc- 
nents. 

The condensation reaction is carried out usu- 
afty at a temperature in the rang© of from 180 to 
320 # C. preferably from 220 to 300 -C. When the 
reaction temperature is above 320 "C side reaction 
occurs during the condensation reaction, or pro- 
ductivity of polyarylene sulfide may sometimes be 
decreased. The preferred temperature is not higher 
than 320 °C or less, and more specifically, a tem- 
perature higher than the melting point of 
polyarylene sulfide, preferably by S - C higher than 
the melting point of polyarylene sulfide which is 
produced. 

For example, the melting point of typical 
polyarylene sulfide is in the vicinity of 2B4 -C and 
hence the temperature of the condensation reaction 
is set at from 284 to 296 •C, preferably at from 
' 289 to 292 *C. 

There is no particular limitation on the reaction 
pressure used in the condensation reaction but 
usually the pressure which can be used varies from 
the self inside pressure of the reactor to 50 kg/cm* 
{absolute pressure), preferably from the serf inside 
pressure of the reactor to 10 kg/cm 1 (absolute 
pressure). 

The condensation reaction may be carried out 
under an atmosphere of an inert gas such as 
nitrogen, carbon dioxide, steam, etc. 

The reaction time Is usually in the range of 
from 0.1 to 8 hours. 

After completion of the reaction, polyarylene 
sulfide can be separated from the reaction mixture 
tfiectfy or after addition of a dilute acid using a 
conventional method such as filtration or centrilu- 
gation. 



Subsequent to filtration, generally, the residue 
is washed with water in order to remove any in- 
organic components such as aikai metal sulfide 
and alkali hydroxide that could adhere to the resul- 
5 rant polymer. In addition to or after the washing 
step, washing using different washing solution or 
extraction can be carried out The polymer ob- 
tained can be recovered by removing the solvent 
from the reactor and then washing the polymer in 
to the manner described above. 

The polyarylene sulfide thus recovered has a 
sufficiently high molecular weight without needing 
heal treatment Partidutarty. it should be noted 
those polyarylene sulfides which are prepared ac- 
ts cording to the method using an afeafl metal halide 
as a c atal yst, and those which are obtained by 
performing porycondensation at a temperature 
Ngher than the melting point of the polyarylene 
sulfide contain salts such as socBum chloride, etc 
20 in amounts much smaller than those contained in 
polyarylene sulfides prepared according to conven- 
tional methods. As a result the poiyarylone sulfide 
according to the present invention can be molded 
and processed without needing desalting before- 
25 hand, and utilized In electric and electronic fields 
advantageously. However. H desired, various desal- 
ting treatments can be carried out in addition to the 
above-described washing step or after the washing 
step to further decrease the content of salts such 
30 as sodium chloride in the resin prior to use. 

When the polyarylene Sulfide obtained accord- 
ing to the method of the present invention is mok 
ded into various articles. It can be admixed with 
other polymers, pigments, fillers such as graphite. 
35 metal powders, glass powders, quartz powders or 
glass fiber, or additives usually used for 
polyarylene sulfides such as conventional stabiliz- 
ers or moid lubricants. 

The polyarylene sulfide obtained according to 
40 the method of the present invention contains only a 
small amount of salts "m the polymer and therefore 
it has a high insutational resistance to humidity and 
a low matt flow index which indicates that the 
polymer has a high molecular weight resulting in 
45 that it can be used not only as a matrix resin for 
producing various molded articles and composite 
materials but also molded Into various articles, 
films, fibers, etc. Therefore, it is excellent engineer- 
ing plastic which can be used advantageously for 
so producing various mechanical or electronic parts. 

The present invention has the following bene- 
fits or advantages; 

(1) High motecualr weight polyarylene sul- 
fides having a low melt flow index can be pro- 
55 duced. 

<2) According to the method of the present 
invention, polyarylene sulfide having a high molec- 
ular weight can be produced using trichloroben- 
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zeoe tn an amount half that used in the conven- 
tional method by the addition of the haJogenated 
aromatic compound containing active hydrogen. 

(3) In the method of the present Invention, 
polyarylene sulfide containing less contaminant salt 
content can be obtained by the use of the specified 
catalyst 

(4) In the method of the present invention, 
polyarylene sulfide containing less contaminant salt 
content can also be obtained by Fixing the tempera- 
ture, of the condensation reaction to the specified 
level* 

The present invention will be described in 
greater detail with reference to examples and com- 
parative examples* However, the present invention 
should not be construed as being fimHed to these 
examples. 
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COMPARATIVE EXAMPLE 1 

The same procedures as in Example 1 were 
repeated except that 2,5-dichloroanifine was not 
5 used. 

The poryphenylene sulfide obtained had a meh 
flow index of 0.79 mt/sec 



W COMPARATIVE EXAMPLE 2 

The same procedures as in Example 1 were 
repeated except that 0.001 mol of trichtorobenzene 
was used in place of 0.001 mol of 2£-dfch- 
ib loroaniiine. 

The polypheny tone sulfide obtained had a meh 
flow index of 0.49 ml/sec 



EXAMPLE 1 

m a 2 I autoclave were charged 81.5 g (0.56 
mol) of p-dichtorobenzene, 25.0 g (0.54 mol) of 
nthlum sulfide, 0.164 g (0.001 mol) of 2.5-dich- 
loroaniiine, 0-914 g (0.024 mol) of sod turn 
borohydride, and 306 ml (2J33 mol) of N-methyl-2- 
pyrrolidone as solvent, and nitrogen gas was 
passed at room temperature for 10 minutes to 
purge the air in the autoclave. Then, while stirring 
the mixture the temperature of the reaction system 
was elevated up to 120 "C, followed by sealing the 
autoclave, elevating the temperature up to 265 °C 
and allowing the mixture to react for 3 hours. After 
completion of the reaction, the reaction mixture 
was cooled to 190 °C with stirring, and then left to 
stand until the temperature reached room tempera- 
ture. The reacfin mixture was poured into 1 I of 
water, filtered, washed with water and washed with 
methanol in this order. 

The polyphenylene sulfide obtained had a melt 
flow index of 0.034 ml /sec. The melt flow index 
was measured under the conditions of 300 °C. a 
load of 50 kg/cm', and the diameter and length of 
nozzle used: 1 mm and 10 mm. respectively. 



EXAMPLE 2 

The same procedures as in Example 1 were 
repeated except that the amount of 2,5-dicb- 
loroaniline was changed to (±772 g (0.0048 mol). 

The polyphenylene sulfide had a melt flow 
index of 0.01 ml /sec. 



ao EXAMPLE 3 

The same procedures as in Example 1 were 
repeated except that sodium borohydride was not 
used. 

as The polyphenylene suifide obtained had a melt 
flow index of 0.026 mt/sec. 



EXAMPLE 4 

30 

tn a 2 1 autoclave were charged 130.4 g (0.54 
mol) ol sodium sulfide nonahydrate, 35-8 g (0.54 
mol) of lithium acetate, 40.1 g (0.54 mol) of Jrtnium 
carbonate and 370 ml of N-methyl-2-pynolidone, 

33 and 88 ml of water was removed by azootroplc 
distillation. Thereafter. B1.5 g (0.56 mol) of p-cfich- 
kxobenzene, 25.0 g (0.54 mol) of lithium sulfide, 
0.161 g (0.001 mol) of 2,5-dichloroanlUne and 150 
ml of N-metbyl-2-pyrrolidone were added to the 

aq reaction system, and under nitrogen gas atmo- 
sphere the reaction was carried out at a tempera- 
ture of 265 "C for 3 hours. The reaction mixture 
was poured into 0.1 N hydrochloric acid, filtered, 
washed with water and washed with methanol in 

45 this order. 

The polyphenylene sulfide obtained had a melt 
flow index of 0.40 ml/sec 



so EXAMPLE 5 

The same procedures as in Example 4 were 
repeated except that the amount of Z5-dich- 
loroanifine was changed to 0.733 g (0.0045 mol). 
55 The polyphenylene sulfide had a melt flow 

index of 0.06 ml /sec. 
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COMPARATIVE EXAMPLE 3 

The same procedures as in Example 3 were 
repeated except that 0.001 mol of trichlorobenzene 
was used In place of 0.001 mol of 2-5-dteb- 
lofoanifine. 

The polyphenylene sulfide obtained had a me» 
Aow Index of 0.65 ml/sec. 



EXAMPLE 6 

malt autoclave were charged 45.0 g (0.31 
moO of p^ichtorobenzene, 13.3 g (0.30 mol) of 
Knium sulfide, and 0.168 g (0 004 mot) of mhium 
hydroxide monohydrate, and then 0-20 g (0.001 
mol) of 2«5-tfchtoronitobenzene. 0.5 g (0.013 mol) 
Of sodium borohydride. and 160 ml (1.62 mol) of 
N~methy1-2-pyrTOfidone as solvent, and argon gas 
was passed at room temperature tor 10 minutes to 
purge the air in the autoclave. Then, while stirring 
the mixture the temperature of the reaction system 
was elevated up to 110 *C. Kxlowed by sealing the 
autoclave, elevating the temperature up to 265 'C 
end allowing the mixture to react for 3 hours. After 
completion of the reaction, the reaction mixture 
was cooled to 215 *C with stirring, and then left to 
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stand until the temperature reached room tempera- 
lure. The reactin mixture was poured into 1 I of 
water, filtered, washed with water and washed with 
hot methanol in this order. 

The rxxyphenylene sulfide obtained had a men 
flow Index shown in Table 1 below. 



COMPARATIVE EXAMPLE 4 

The same procedures as in Example 8 were 
repeated except that 2,SdichtoroanjBne was not 
used. 

The poryphenylene sulfide obtained had a melt 
now Index of 0.78 ml /sec This was heated at 200 
•C for 1 hour. The physical properties of the thus 
treated polymer are as shown in Table 1 below. 



20 EXAMPLE 7 

The same procedures as In Example 6 were 
repeated except mat sodium borohydride was not 
used* 

as The polyphenylene sulfide obtained had a melt 

now index as shown in Table t below. 



Table 1 





Melt Flow 
Index * 


Melting 
Point 




(mi /sec) 




Ex.6 


0.15 


273 


C.Ex.4 


0.19 


273 


Ex.7 


0.20 


276 



Heat Decomposition Temperature** 
5 wt% Reduc tion 10 wt% Reduction 

Pc> rc> 



484 
486 
485 



502 
500 
501 



* : Under the conditions of 300 "C , a load of 50 kg/cm*, the 
diameter and length of nozzle used: 1 mm and 10 mm, 
respectively - 
**: Measured by TGA. 



50 



From the results shown in Table 1 above, it 
can be seen mat In Comparative Example 4 poly- 
phenylene sulfide having physical properties simi- 
lar to those of polyphenylene sulfides of Examples 
6 and 7 could not be obtained before the poly- 
phenylene sulfide was heated at 200 *C. 



EXAMPLE 8 

The same procedures as In Example 6 were 
repeated except that the amount of 2.5-dJch- 
loronitrobenzene was changed to 0.48 g (0.0025 
mol). and 0.004 mol of potassium hydroxide was 
used In place of lithium hydroxide monohydrate. 
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The polyphenytene sulfide obtained had a melt 
flow Index of 0.01 ml/sea 



EXAMPLE 9 

The same pocedures as in Example 6 wore 
repeated except that 0.211 g (0.001 mol) of 2.4- 
cfiratrochlorobenzene was used in place of 2£- 
didikxonftrobenzene. 

The rxrfypherrylene sulfide obtained had a melt 
flow Index of 0.48 ml/sec 



COMPARATIVE EXAMPLE 5 

The same procedures as in Example 6 were 
repeated except that 2,5-<fichlofoanfflne was not 
used and in place of sodium borohydride were 
used 19.8 g (0.3 mol) of lithium acetate and 22-2 g 
(0 .3 mol) of lithium carbonate. 

The rxriyphenylene sulfide obtained had a melt 
flow Index of 0.58 ml/sec. 



EXAMPLE 10 

The same procedures as in Example 6 were 
repeated except that 0.57 g (0,002 mol) of 2-rOtro- 
M'Kfichlorodiphenyl ether was used in place of 
2.5-dichloronitroben2ene. 

The polyphenylene sulfide obtained had a melt 
flow "index of 0.08 mt/sec. 



EXAMPLE 11 

In a 2 l autoclave were charged 1 30.4 g (0.54 
mol) of sodium sulfide nonahydrate and 366 ml of 
N-methyl-2-pyrrolidone, and 88 mi of water was 
removed by azeotropic distillation. Thereafter, 81.5 
g (0.56 mol) of p-dichlorobenzene. 0.91 g (0.024 
mol) of sodium borohydride. 0.483 g (0.0029 mol) 
of p-olchloroeninne and 212 ml of N-methyl-2- 
pvrroltdon© were added to the reaction system, and 
under nitrogen gas atmosphere the reaction was 
carried out at a temperature of 285 °C for 3 hours. 
The reaction mixture was poured into 1 I of lon- 
exchanged water, filter od, washed with water and 
washed with methanol In mis order. 

The polyphenylene sulfide obtained had a molt 
flow index of 0.77 mt/sec and an Inherent viscosity 
4 bin On 1-ch!oro naphthalan 9, 206 °C) of 0.13. The 
Na* content of the polymer was 830 pom accord- 
ing to atomic absorption spectroscopy. 



EXAMPLE 12 

The same procedures as in Example 11 were 
repeated except that the reaction temperature was 
s changed to 290 »C. 

The polymer obtained had a matt flow index of 
0.80 ml /sec and an inherent viscosity n inn fin 1- 
chtoronaphtrialene. 206 °C) of 0.12. The Na* con- 
tent of the polymer was 450 ppm. 



EXAMPLE 13 

The same procedures as in Example 11 were 
ts repeated except that soodium borohydride was not 
used. 

The polymer obtained had a melt flow index of 
0.78 ml/sec and an inherent viscosity n inh (in 1- 
chtwonaphmaJene, 206 *C) of 0.12. The Ma* con- 
20 tent of the polymer was 480 ppm. 



EXAMPLE 14 

as The same procedures as in Example 11 were 

repeated except that soodium borohydride and 2,5- 

dicWoroaniUne were not used. 

The polymer obtained had a mett flow index of 

0.90 mt/sec or more and an inherent viscosity n 
so inh (in 1-chloronaphthalene, 206 °C) of 0.09. The 

Na* content of the porymer was 250 ppm. 



COMPARATIVE EXAMPLE 6 

OS 

The same procedures as in Example 11 were 
repeated except that the reaction temperature was 
changed to 263 °C. 

The polymer obtained had a melt flow index of 
4o 0.79 mt/sec and an inherent viscosity q inh (in 1- 
chloronaphthalene, 206 °C) of 0.13. The Na* con- 
tent of the polymer was 2400 ppm. 

45 COMPARATIVE EXAMPLE 7 

In Example 14. the reaction was carried out at 
200 # C. Thereafter, the same post treatment was 
carried out 

so The polymer obtained had a melt flow index of 

0.90 mt/sec or more, an inherent viscosity ^ inh (in 
1-chloronaphthalene, 206 "C) of 0.09. The Na* 
content of the polymer was 2500 ppm. 
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This sample was boiled in boiling ton-ex- 
changed water for 2 hours, filtered and washed 
with methanol. The Na* content of the polymer was 
1600 ppm. 



COMPARATIVE EXAMPLE 8 

In a 1 I autoclave were charged 13.8 g (0-30 
moi) of lithium sulfide, 45.0 g (p-31 mol) ol p- 
O^cWorobenzene and 19.8 g (0.30 mol) of lithium 
acetate t 22J2 g (0.30 mol) of lithium carbonate and 
168 ml of N-methyl-2-pyrrofidone and the reaction 
was continued under nitrogen gas atmosphere at a 
temperature of 262 to 265 -C for 3 hours. The 
reaction product was post-treated in the same man- 
ner as In Example 11. 

The Li* content in the poly mar obtained was 
930 ppm according to the atomic absorption spec- 
troscopy. The polymer had a melt flow index of 
0.78 m I and an inherent viscosity of 0.1 4. 



The polyphenylene sulfide obtained had a melt 
flow index of O.007 ml/sec The solution thereof 
had an Inherent viscosity * inn (in l-<*taronaph- 
thaiene. 206 «C) of 0.35. The content of residual 
9 ton m the polymer was 40 ppm tor Na* and 70 
ppm lor U*. 



EXAMPLE 17 

10 

The same procedures as in Example 16 were 
repeated using the same reaction system as in 
Example 15 except mat 0.30 g (0.008 mol) of 
sodium hydride was added, 0.60 g (0-005 mol) of 

rs 2«5^cMaroanIHne was used and the reaction tem- 
perature was 285 *C. 

The polyphenylene sulfide obtained had a melt 
flow index of 0.028 mt/sec- The solution thereof 
had an inherent viscosity « inh On 1 -chloronaph- 

20 thalone. 206 m C) of 0.31- The content of residual 
ion in the polymer was 60 ppm for Na* and 270 
ppm tor Li* 



EXAMPLE 15 

In a 2 i autoclave were charged 130.4 g (0.54 
mol) ol sodium sulfide nonahydrate. 23.0 g (0.54 
mot) of lithium chloride and 356 ml of N-rnethyl-2- 
pyrroGdone, and 88 mi of water was removed by 
azeotropic distillation. Thereafter, 81.5 g (0.56 mol) 
of p-dicWorobe nzene, 0.B0 g (0.005 mol) of 2.5- 
cGchloroaniline and 150 mt of N-methyl-2-pyr- 
rotidone were added to the reaction system, and 
under nitrogen gas atmosphere the reaction was 
carried out at a temperature of 287 °C for 3 hours. 
Ion-exchanged water (1 I) was poured to the reac- 
tion mixture, filtered, washed with ion-exchanged 
water and washed with methanol in this order. 

The polyphenylene sulfide obtained had a melt 
flow index of 0.0031 mt/sec The solution thereof 
had an inherent viscosity ii inn (in 1 -chloro-naph- 
thaJeoe. 206 •C) of 0.30- The content ol residual 
ion in the polymer was 60 ppm for Na* and 120 
ppm for Li*. 



25 COMPARATIVE EXAMPLE 9 

The same procedures as in Example 15 were 
repealed except that 0.89 g (0.005 md) of trich* 
korobenzene was used in place of 2.5-dich- 
30 toroanifine. The polymer formed gelled and be- 
came insoluble in the autoclave. The content of 
residual ion in the polymer was 2200 ppm for Na* 
and 1,000 pom for Li*. 

35 

COMPARATIVE EXAMPLE 10 

The same procedures as in Example 15 were 
repeated except that lithium chloride was not used. 
40 The polyphenylene sulfide obtained had a melt 

flow index of 0-78 mt/sec. The solution thereol had 
an inherent viscosity * Inn (in 1-chloronaphthaJene. 
206 °C) of 0.13. The content of residual ion in the 
polymer was 640 ppm for Na*. 

46 



EXAMPLE 16 

The same procedures as in Example 15 were 
repeated except that 15.3 g (0.36 mol) of lithium 
chloride was used and the reaction temperature 
was 265 *C. 



COMPARATIVE EXAMPLE 11 

The same procedures as in Example 15 were 
so repeated except that 2,5-dichloroaniline was not 
used. 

The polyphenylene sulfide obtained had a melt 
flow index of 0.15 ml/sec. The solution thereof had 
an inherent viscosity u inn On 1-chtoro-naphthalene. 
55 206 *C) of 0.23. The content of residual ion in the 
polymer was 70 ppm for Na* and 200 ppm for Li*. 
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While the invention has bean described in de- 
tail and with reference to specific embodiments 
thereof, ft win be apparent to one skilled in the art 
that various changes and modifications can be 
made therein without departing from the spirit and 
scope thereof. 



Claims 

1. A method for producing a polyarylene sul- 
fide comprising contacting a dihalogenated ar- 
omatic compound with an alkali metal sulfide in 
polar solvent wherein a halogenated aromatic com- 
pound containing active hydrogen is present in the 
reaction system. 

2. The method as claimed in Claim 1, wherein 
said halogenated aromatic compound containing 
active hydrogen is formed hi the reaction system 
by the reduction of a halogenated aromatic nitre 
compound added to the reaction system. 

3. The method as claimed in Claim 1. wherein 
an alkali metal hairdo is used as a catalyst for the 
production of the polyarylene sulfide. 



4. The method as claimed m Claim 3, wherein 
said aflcafi metal hatfde is lithium chloride. 

5. The method as claimed In Claim 1. wherein 
the reaction for the production of the polyarylene 

s sulfide la earned out at a temperature not lower 
tfian the melting point of the polyarylene sulfide. 

6. The method as claimed in Claim 1, wherein 
said dihalogenated aromatic compound is p-dich- 
torobenzene. 

70 7. The method as claimed m Claim 1, wherein 
said halogenated aromatic compound containing 
active hydrogen is a dihalogenated aromatic com- 
pound containing active hydrogen. 

8. The method as claimed in Claim 2, wherein 
T5 said halogented aromatic compound containing ac- 
tive hydrogen is a dihalogenated aromatic com- 
pound containing active hydrogen. 

9. The method as claimed in Claim 7, wherein 
said halogenated aromatic compound containing 

20 active hydrogen Is dichloroaniline. 

10. The method as claimed in Claim 8, wherein 
said dihalogenated aromatic compound containing 
active hydrogen is dichloroaniline. 

25 
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